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VCSEL WITH DISTRIBUTED BRAGG 
REFLECTORS FOR VISIBLE LIGHT 

FIELD OF THE INVENTION 

This invention relates. in general, to layered optical 
devices and, in particular, to laser optical devices. 

BACKGROUND OF THE INVENTION 

At present, conventional edge emitting semicondudor 
lasers are playing a more signi?cant role in optical commu 
nication due to there high operating et?ciency and modula 
tion capabilities; however, the conventional edge emitting 
semiconductor laser has several short comings or problems, 
thus making this edge emitting device di?icult to use in 
several applications. 

Recently, however, there has been an increased interest in 
vertical cavity surface emitting lasers (VCSEL)s. The con 
ventional VCSEL has several advantages. such as planar 
construction, emitting light perpendicular to the surface of 
the die. and the possibility of fabrication in an array. 
However, while conventional VCSELs have several 
advantages, conventional VCSELs have several disadvan 
tages with regard to the visible spectrum, such as poor 
e?iciency, poor re?ectivity of the distributed Bragg 
re?ectors, and the like. Additionally. because of these 
problems, manufacturability of VCSELs for the visible 
spectrum is severely limited. 
A conventional approach taken to solve the re?ectivity 

problem is to increase the number of re?ective elements or 
alternating layers that comprise the conventional distributed 
Bragg re?ectors. However, this approach does not resolve 
the re?ectivity problem in conventional VCSELs, but exac 
erbates several other problems, such as defect density. and 
the like, thereby limiting manufacturability. 
For example, as a result of the poor re?ectivity of the 

conventional distributed Bragg re?ectors, many additional 
alternating layers (e.g., as many as 50 to 200 additional 
alternating layers) are deposited, in an attempt to increase 
the re?ectivity of the conventional distributed Bragg re?ec 
tors. However, by increasing the number of alternating 
layers. an increase in the cost of manufacture is realized 
More particularly, with the increased number of alternating 
layers, an increase in defect density of the alternating layers 
is produced, as well as an increase in the amount of time 
required to manufacture the layers, thereby producing a 
substantial increase in the cost of manufacturing conven 
tional VCSELs, as well as a decrease in the quality of 
VCSEL manufactured, thus making conventional VCSELs 
not suitable for high volume manufacturing for this purpose. 

It can readily be seen that conventional edge emitting 
semiconductor lasers and conventional vertical cavity sur 
face emitting lasers have several disadvantages and 
problems, thus not enabling their use in high volume manu 
facturing applications. Therefore, a VCSEL and method for 
making that simpli?es the fabrication process, reduces cost, 
with an improved reliability of the VCSEL would be highly 
desirable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an example of an enlarged simpli?ed cross 
section of a VCSEL device prepared on a substrate; and 

FIG. 2 is a simpli?ed graphical illustration of re?ectivity 
versus wavelength. 

DETAILED DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates an enlarged vertical cavity surface 

emitting laser (VCSEL) 101 formed on a substrate 102 
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2 
having surfaces 105 and 110 with light 120 being emitted 
from VCSEL 101. It should be understood that while FIG. 
1 only illustrates a single VCSEL 101, VCSEL 101 may 
represent many VCSELs that are located on substrate 102 to 
form arrays. Generally, VCSEL 101 is made of several 
de?ned areas or regions, such as a distributed Bragg re?ector 
103 having a plurality of alternating layers illustrated by 
layers 111 and 112, a cladding region 104. an active region 
106, a cladding region 107, a distributed Bragg re?ector 108 
having a plurality of alternating layers illustrated by layers 
117 and 118, and a contact region 109. 

Substrate 102, in this example. is made of any suitable 
material. such as gallium arsenide, silicon, or the like. 
Typically, substrate 102 is made of gallium arsenide so as to 
facilitate epitaxial growth of subsequent multiple layers that 
comprise VCSEL 101. 

Typically, any suitable epitaxial deposition method. such 
as molecular beam epitaxy (MBE). metal organic chemical 
vapor deposition (MOCVD), or the like is used to make the 
required multiple layers for VCSEL 101. These methods 
allow for the epitaxial deposition of material layers, such as 
indium aluminum gallium phosphide, aluminum arsenide, 
gallium arsenide, aluminum gallium arsenide, aluminum 
gallium phosphide, indium aluminum phosphide, and the 
like. It should be understood that epitaxial deposition is used 
extensively to produce the multitude of layers that comprise 
VCSEL 101. 

Referring now to distributed Bragg re?ectors 103 and 
108. it should be understood that disn'ibuted Bragg re?ector 
103 is deposited ?rst with subsequent deposition de?ning 
cladding region 104, active region 106, cladding region 107, 
distributed Bragg re?ector 108. and contact region 109. 
Generally. thicknesses of alternating layers 111, 112, 117 and 
118 are typically set as portions of a wavelength of light 120 
that VCSEL 101 is designed to emit. Thus, speci?c thick 
nesses of the alternating layers 111, 112, 117, and 118 are a 
function of the designed wavelength that the VCSEL 101 is 
to operate at. Typically, the most common wavelength 
values used are one quarter, one half, three quarters, full 
wavelength, or any multiples thereof. In a preferred embodi 
ment of the present invention, one quarter wavelength 
thicknesses are used. 

Generally, doping of the distributed Bragg re?ectors 103 
and 108 is split with one of the distributed Bragg re?ectors 
being N-type and the other being P-type. Since doping levels 
are well known in the art, the doping levels will not be 
describe herein other than to identify material either as 
undoped, P-typed doped such as with carbon, zinc or the 
like, or N-typed doped such as with beryllium, silicon, or the 
like. Brie?y, distributed Bragg re?ector 103 and a portion of 
cladding region 104 are N-typed doped, with a portion of 
cladding region 104, active region 106, a portion of cladding 
region 107 being undoped, and with a portion of cladding 
region 107, distributed Bragg re?ector 108, and contact 
region 109 being P-typed doped. 

In the present invention, distributed Bragg re?ectors 103 
and 108 having alternating layers 111 and 112, 117 and 118 
are made of any suitable materials. such as indium alumi 
num gallium phosphide and aluminum arsenide (e.g., 
InOAQAIJ‘GaQ5 1_,‘P/AlAs), indium aluminum gallium phos 
phide and indium aluminum phosphide (e.g., 
In0.49A1xGa0.51-—xP/hO.49A10.5P)* and aluminum gallium 31'5 
enide and aluminum arsenide (e.g., AlorsGaovsAslAlAs). 
which are epitaxially disposed or deposited on or overlaying 
substrate 102, thereby generating distributed Bragg re?ec 
tors 103 and 108 having substantially higher re?ectivity in 
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the visible spectrum than conventional distributed Bragg 
re?ectors. Additionally, it should be understood that in each 
of the above examples where a percent composition of a 
particular element is given it should be considered only as an 
example. It should be frn'ther understood that variations 
from these examples can be large and are to be considered 
part of the present invention. 

For example. selecting indium aluminum gallium phos 
phide and aluminum arsenide (InOAQAIXGaQS 1_,,.P/AlAs) as a 
material structure for distributed Bragg re?ectors 103 and 
108. allows for re?ection of visible light generated by active 
region 106. Suitable re?ectivity from the indium aluminum 
gallium phosphide can be achieved by having a percent 
composition of indium range from 48 percent to 50 percent. 
By varying the percent composition of indium, a corre 
sponding variation in a percent composition of gallium 
occurs with a nominal range from 52 percent to 50 percent 
Additionally, aluminum percent concentration can range 
from 0 percent to 51 percent. with prefm'red range from 5 
percent to 15 percent, and a nominal range from 7 percent 
to 13 percent. It should be pointed out that the percent 
composition of the aluminum reduces that percent concen 
n'ation of gallium, thereby producing a balanced composi 
tion. 

In another example, selecting indium aluminum gallium 
phosphide and indium aluminum phosphide 
(h0.49A1xGa0.5l—xP/In0.49A10.$1P) as a material smwmre for 
distributed Bragg re?ectors 103 and 108, also allows for 
re?ection of visible light generated from active area 106. As 
previously described, the indium aluminum gallium phos 
phide in the present example can be varied similarly. In 
addition, the indium aluminum phosphide can also be 
varied. with the percent composition of indium ranging from 
48 percent to 50 percent. Also, the aluminum percent 
composition can range from 1 percent to 10 percent, with a 
preferred range from 8 percent to 2 percent, and with a 
nominal range from 4 percent to 6 percent 

In yet another example. selecting aluminum gallium ars 
enide and aluminum arsenide (AlosGao‘sAslAlAs) as a 
material structure for distributed Bragg re?ectors 103 and 
108. also allows for re?ection of visible light generated from 
active area 106. However, in this example. the aluminum 
and the gallium of the aluminum gallium arsenide can be 
varied. Generally. the aluminum of the aluminum gallium 
arsenide can range from range from 0 percent to 100 percent. 
with a nominal range from 40 percent to 60 percent, and the 
gallium can range from 0 percent to 100 percent. with a 
nominal range from 40 percent to 60 percent. 
By selecting any of the above examples as the material set 

for alternating layers 111. 117 and 112, 118, respectively, 
allows a reduction or a decrease in the number of alternating 
layers in distributed Bragg re?ectors 103 and 108. 
Generally, by using any of the above examples as the 
material structures, alternating layers 111 and 112 in distrib 
uted Bragg re?ector 103 can be minimized to 40 pair. while 
alternating layers 117 and 118 in distributed Bragg re?ector 
108 can be minimized to 28 pair. thereby simplifying the 
process for manufacturing distributed Bragg re?ectors 103 
and 108. as well as improving performance of the re?ectivity 
of distributed Bragg re?eaors 103 and 108. It is believed 
that by using these chemical compositions an increased 
di?‘erence is generated between the refractive indexes of the 
alternating laym's 111, 112 and 117 and 118. i.e.. there is a 
larger ditference of refractive index between layers 111 and 
112. and likewise between layers 117 and 118. thereby 
increasing re?ectivity. It is further believed that this increase 
in re?ectivity enables the decrease in the number of alter 
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4 
nating layers 111, 112. 117. and 118 in distributed Bragg 
re?ectors 103 and 108. Thus. an improvement in perfor 
mance results. 

Also, as a result of the decrease in the number of 
alternating layers. fabrication of VCSEL 101 is greatly 
simpli?ed, thereby making VCSELs more manufactnrable 
and less costly. Since the manufacture or fabrication is 
simpli?ed and since a fewer number of steps are required. 
overall defect density is also reduced with a corresponding 
increase in manufacurrability and a further lowering of cost 
is obtained. 

For the sake of simplicity and to prevent overcrowding of 
the ?gure, cladding region 104 is shown as a single layer; 
however, it should be understood that cladding region 104 is 
made of at least two components that are epitaxially dis 
posed or deposited on distributed Bragg re?ector 103. First, 
a layer of any suitable material such as indium aluminum 
gallium phosphide having an appropriate thickness and 
being doped similarly to distributed Bragg re?ector 103 is 
epitaxially deposited on distributed Bragg re?ector 103. 
By way of example, an n-doped indium aluminum gal 

lium phosphide layer (lnoggAlxGaojl?P) is epitaxially 
deposited on distributed Bragg re?ector 103. Generally. the 
indium aluminum gallium phosphide layer has a thickness 
that is determined by the wavelength of light that is to be 
emitted from the VCSEL 101. thereby allowing the thick 
ness of the indium aluminum gallium phosphide layer to be 
any suitable thickness. Second, a layer of any suitable 
material such as undoped indium aluminum gallium phos 
phide having an appropriate thickness is epitaxially depos 
ited on the ?rst layer of the cladding region 104. 

For the sake of simplicity, active region 106 is represented 
by a single layer which is epitaxially deposited or disposed 
on cladding region 104; however, it should be understood 
that the active region 106 can include multiple layers of 
barrier regions with quantum well regions interspersed. By 
way of a simple example, active region 106 is made of at 
least two barrier layers and a quantum well region with the 
quantum well region being position between the two barrier 
regions. The quantum well is made of undoped indium 
gallium phosphide (InGaP) and the barrier regions are made 
of indium aluminum gallium phosphide (InAlGaP). 
Typically, active region 106 includes three to ?ve quantum 
wells with their corresponding barrier regions. 

For the sake of simplicity and to prevent overcrowding of 
the ?gure, cladding region 107 is shown as a single layer; 
however, it should be understood that cladding region 107 is 
made of two components that are disposed or deposited 
epitaxially on active region 106. First, a layer of any suitable 
undoped cladding material is epitaxially deposited to an 
appropriate thickness on active region 106. Second. a layer 
of any suitable doped cladding material is epitaxially 
deposed on the undoped cladding material. 
By way of example, an undoped indium aluminum gal 

lium phosphide (Ino_49AlxGa0_51_xP) layer is epitaxially 
deposited on active region 106. Generally. the undoped 
indium aluminum gallium phosphide has a thickness that is 
determined by the wavelength of light that is to be emitted 
from the VCSEL 101, thereby allowing the thickness of the 
aluminum gallium arsenide layer to be any suitable thick 
ness. Subsequently. a doped indium aluminum gallium phos 
phide (Ino_49AlxGao_51_xP) layer is epitaxially deposited on 
the undoped layer. The doped layer is generally doped with 
a p-type dopant. 

Contact region 109 is formed by disposing any suitable 
conductive material on distributed Bragg re?ector 108. such 
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as indium tin oxide. gold. platinum. or the like. It should be 
understood that depending upon which material selection is 
made the speci?c method of disposing and patterning of that 
speci?c material will change to form contact region 109. 

FIG. 2 is a simpli?ed graphical representation of re?ec 
tivity versus wavelength curves of several examples of 
different material composition for VCSEL 101. Each line 
210, 220. and 230 represents a different material composi 
tion of alternating layers 111. 112 and 117 , 118 of distributed 
Bragg re?ectors 103 and 108 as shown in FIG. 1. 
Regarding line 210. having material composition 

InO_4gAlO_lGaomPllnoAgAlo'sP. it can be seen that 
bandwidth, i.e. , the width of responsive frequencies, is much 
narrower then either line 220 or line 230, as well as having 
lower re?ectivity. 
Regarding line 220 having material composition 

AJO‘SGaQSAsIAIAs it can be seen that the bandwidth has 
improved; however, the band width of line 220 is not as 
good as demonstrated in line 230. 
Regarding line 230 having material composition 

InOAQAIQJGaOMPIAlAs it can be seen that the bandwidth is 
better than either line 210 or 220. thus making the material 
composition of line 230 preferred. 

However. it should be understood that any of lines 210, 
220. and 230 are usable for re?ecting light in the visible 
spectrum. It should be further understood that while three 
speci?c examples have been provided other material com 
positions are possible. 

While we have shown and described speci?c embodi 
ments of the present invention. further modi?cation and 
improvement will occur to those skilled in the art. We desire 
it to be understood, therefore, that this invention is not 
limited to the particular forms shown and we intend in the 
appended claims to cover all modi?cations that do not depart 
from the spirit and scope of this invention. 
What is claimed is: 
1. A VCSEL with distributed Bragg re?ectors for visible 

light comprising: 
a semiconductive substrate having a ?rst surface and a 

second surface; 
a ?rst distributed Bragg re?ector disposed on the ?rst 

surface of the semiconductor substrate, the ?rst distrib 
uted Bragg re?ector including alternating laya's of 
indium aluminum gallium phosphide and aluminum 
arsenide with a percent composition of indium in the 
indium aluminum gallium phosphide ranging from 44 
percent to 54 percent and a percent composition of 
gallium in the indium aluminum gallium phosphide 
ranging from 41 percent to 61 percent. and with the ?rst 
distributed Bragg re?ector having a ?rst dopant type 
and a ?rst concentration; 

a ?rst cladding region disposed on the ?rst distributed 
Bragg re?ector; 

an active region disposed on the cladding region; 
a second cladding region disposed on the active region; 
a second distributed Bragg re?ector disposed on the 

second cladding region. the second distributed Bragg 
re?ector including alternating layers of indium alumi 
num gallium phosphide and aluminum arsenide with a 
percent composition of indium in the indium aluminum 
gallium phosphide ranging from 44 percent to 54 
percent and a percent composition of gallium in the 
indium aluminum gallium phosphide ranging from 41 
percent to 61 percent. and with the second distributed 
Bragg re?ector having a second dopant type and a 
second dopant concentration; and 
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6 
a contact region disposed on the second distributed Bragg 

re?ector. whereby light generated in the active region 
emanates from the VCSEL as visible light. 

2. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 1 wherein the ?rst dopant type is 
an N-type. 

3. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 2 wherein the N-type dopant is 
selenium or silicon. 

4. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 2 wherein the N-type dopant is 
silicon. 

5. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 1 wherein the second dopant type 
is a P-type. 

6. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 5 wherein the P-type dopant is 
carbon. 

7. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 5 wherein the P-type dopant is zinc. 

8. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 1 wherein the percent composition 
of indium in the indium aluminum gallium phosphide ranges 
from 44 percent to 54 percent and wherein the percent 
composition of gallium in the indium aluminum gallium 
phosphide ranges trom 46 percent to 56 percent. 

9. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 8 wherein the percent composition 
of indium in the indium aluminum gallium phosphide ranges 
from 46 percent to 54 percent and wherein a percent 
composition of gallium in the indium aluminum gallium 
phosphide ranges ?'om 46 percent to 54 percent 

10. AVCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 1 wherein a percent composition of 
aluminum in the indium aluminum gallium phosphide 
ranges from greater than zero percent to 54 percent. 

11. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 10 wherein the percent composition 
of aluminum in the indium aluminum gallium phosphide 
ranges from 5 percent to 15 percent. 

12. AVCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 11 wherein the percent composition 
of aluminum in the indium aluminum gallium phosphide 
ranges from 8 percent to 12 percent. 

13. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 1 wherein the ?rst cladding region 
further comprises: 

a doped layer of indium aluminum gallium phosphide 
disposed on the ?rst distributed Bragg re?ector; and 

a undoped layer of indium aluminum gallium phosphide 
overlying the doped layer of indium aluminum gallium 
phosphide. 

14. A VCSEL with distributed Bragg re?ectors for visible 
light as claimed in claim 13 wherein the active region further 
comprises: 

a ?rst barrier layer of indium aluminum gallium phos 
phide disposed on the undoped layer of indium alumi 
num gallium phosphide disposed on the ?rst distributed 
Bragg re?ector; 

a quantum well layer of indium aluminum gallium phos 
phide overlying the ?rst barrier of undoped layer of 
aluminum gallium phosphide; and 

a second banier layer of indium aluminum gallium phos 
phide disposed on the quantum well layer of indium 
aluminum gallium phosphide. 

15. A VCSEL with distributed Bragg re?ectors for visible 
light comprising: 
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a semiconductive substrate having a ?rst surface and a a second distributed Bragg re?ector disposed on the 
Second Suff?c?; second cladding region. the second distributed Bragg 

a ?rst distributed Bragg re?ector disposed on the ?rst re?ector comprising alternating layers of indium alu 
surface of the semiconductive substrate, the ?rst dis- minum gallium phosphide and indium aluminum phos 
tributed Bragg re?ector comprising alternating layers 5 phide with the second distributed Bragg re?ector hav 
Of indium aluminum gallium P11059111“c and indium ing a second dopant type and a second dopant 
aluminum phosphide with the ?rst distributed Bragg concentration; and 
re?ector having a_ ?rst .dopmt type and conc_entl:anon; a contact region disposed on the second distributed Bragg 

a ?rst cladding reglou dlsposcd 0“ the ?rst dlsmbumd 10 re?ector. whereby light generated in the active region 
Bragg re?ectors; emanates from the VCSEL as visible light. 

an active region disposed on the cladding region; 
a second cladding region disposed on the active region; * * * * * 


